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Data on length, age and maturity were analysed to study the growth and spawning of 
sprat in fjords on the Norwegian West Coast. The data were sampled in 4 fiord A..reas 
in November 1993-1997 (for mean length and weight· at-age) and in the 2r1i! quarter 
1992. 1996-1998. (maturityl spawning). The samples are taken by pelagic trawling. In 
addition. the length of D-group sprat along the western coast was investigated by 
including sprat sampled further north on the coast. In D-group sprat. significant 
differences in mean length were found aiong the coast. These differences seemed to 
be stable between years. in fjords just north of 62°N. the length were significant 
larger and further north Significant lower. than in the fjords south of 62°N. Otoliths 
measured for back-calculation of growth. shows low correlation. In the present study 
it was shown that sprat stayed in the fjords during the spawning season and that they 
are spawning. Mature sprat !1;ld a minimum length of 8,0-9,0 cm. The results 
demonstrate that IT'~turation in sprat is length dependent. The length at 50% maturity 
was 9.3 cm. The present study shows that sprat in the Norwegian fjords normally 
mature as I-year olds. They will spawn during the current season but later than older 
fish (June-July). The spawning frequencies were in the range of 8-20%. Maturel 
spawning sprats were found in the entire area and no specific spawning aggregations 
were observed. 
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INTRODUCTION 
Norwegian fjords are traditionally important sprat fIshing Areas. The catches are for 
the canning industr"j. The fishery takes place i.n summer-early auturun 1Nith the 
siarting date depending on the length and fat content of the sprat. The sprat ~J. the 
fjords are young fIsh, with a dominance of the two youngest year-ciasses. The fjords 
on the west coast, south of 62° N, is the main fIshing Area. Annual acoustic surveys 
for O-group sprat carried out in October-November since 1968, showed that the 
general distribution pattern is rather similar from year to year (0stvedt 1976, 
Dommasnes et aL, 1994, Torstensen et al., 1995, 1996, 1997, 1998). Approximately 
the same distribution has been observed in the.follo\vi..'1g spring a..'1d summer (Ba..k..ken 
1971, Torstensen, Unpublished data). The sprat is found distributed in the upper 50 m 
depth and tends to stay close to the surface in the summer time. 
Based on results of egg surveys, it has been assumed that sprat in the fjords mainly 
recruited from spawning grounds in Skagerrak and/or the North Sea (Sund 1911, 
Bjerkan 1930, Bakken 1966). In the beginning of the 1980s, egg surveys were initiated 
by fIshermen's organisation that questioned the renewal of the populations by 
immigration of sprat from other Areas. As the fIshery mainly exploited young fIsh, 
... 1 __________ ..... __ ...... _ .... A ............ n ... 1..,... ...... n~ ...... ~ ....... ...... ....:1 .......... _~~+"'"" ... ". r. 1.1:r'lC' "hntT," tho:.t If'\~4Jll Ult:::y WCIC \,,;UIU, .. I;IU(;U aUUUL LUl:' i)paWllllJ.,5 auu l~~LUU.l.L.lv'U.. ,U ""'oJI IIJII..LVlf"I.ij, r,..lJ.4Lr. ..Lv .... "" .... 
spawning in the fjords occurred (Torstensen 1984), with a protracted season lastin.g 
from February-March till June-July with a peak in May-June. The eariy spawning 
indicated that overwintering spawning stock of sprat occurred in the fjords. A 
protracted spawning season (February-July) in the fjords were confIrmed by counting 
of clailv rinlrs in otoliths (Davaratne 1986) 
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maturation and spawning from examination of sprat in the western fjords, has been 
published. Sund (1910) and Bjerkan (1930) noted, however, observations of sexually 
mature sprat. Samples of sprat from commercial trial fIshing in the fjords in early 
1980s contained spawners. Local sprat spawning was also observed during acoustic 
survey in early June 1992 (Torstensen and Aglen 1992). The Norwegian Institute of 
Marine Research has conducted acoustic surveys on sprat in the fjords in the 2"" 
quarter of 1996-1998, in addition to the surveys in November. The objective of the 
present study was to analyse available data on length and age related to maturity and 
MATERIAL AND METHODS 
The fjords considered in this report are shown in Fig. 1. Sprat samples were collected 
by a pelagic trawl equipped with a small meshed codend (11 mm stretched). 
Information of data used in the study of maturity and spawning, are presented in 
Table 1. The surveys covered the same fjords, except for Area 3, which was not 
sampled in 1992. The samples considered tor growth analyses (iength- and weight-at-
age) were taken in November 1993-1997. Length, weight, age, sex and maturity 
stages (not in November) were recorded for individual sprat. Total length was 
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measured to the nearest 0.5 cm below; weight to nearest g. the maturity stages were 
assessed based on macroscopic appearance of the gonads on an 8-point scale. For the 
present presentation, the following stages were considered: 
Stage 0 ~ hTlll1ature 
Stage 1 = maruring 
Stage 2 = mature-running 
Stage 3 = spent 
Stage 4 = recoveri_l1g 
Gonads small, not possible to distinguish the sexes 
Ovaries beginning to fIll the body cavity, Opaque and 
translucent oocytes 
Dominance of translucent oocytes. Ovaries soft. 
Ovaries empty and flaccid. May contain a few residual 
eggs. 
Females with hydrated oocytes are in an "immediate" spawning state. This stage of 
maturity is easily identified as the ovaries have a hyaline appearance with large, 
translucent oocytes. In June 1998 the number of hydrated females was counted and 
the proportion defmed as spawning frequency (Hunter and Macewicz 1980). 
Otollths (Sagittae) are used for age determination with January 1 assigned as an 
arbitrary birth date. The number of winter (hyaline) rings determines the age. For 
back-calculation of growth from otollths, the radii of growth zones on the dorsal edge, 
are measured (x40). Otoliths from 1"{ovember 1997 and June 1998 were considered. 
The percentage of otollths with hyaline and opaque edges, respectively, may be used 
to indicate the growth season. Otollths sampled in November 1997 and June 1998 
were examined. The edges were recorded according to the following scale, I: thin 
hyalLne, 2: wide hyaline, 3: thin opaque and 4: wide opaque. A total of234 
(November) a..J1d 813 (Ju..'1e) pairs of otoIiths were exa...1J11rled" 
Growth 
lviean length-at-age, sta.lldard error (S.E) arid 95% confidenCe liinits of the ineat'lS, are 
presented for each area in Table 2. The samples from each area were taken at the 
same time each year (November). It was assumed that most of the annual growth had 
fmished by the time of sampling. There were no differences iri the mean length of 0-
group sprat south of 62°N, but a significant difference between the mean lengths 
south and north of 62 oN. With increasing age, the differences in mean length became 
greater but sample sizes in the age groups>2 were small. In Area 2. O-group sprat 
occurred more frequent than older and represented about 85% of the fish. Due to a 
low number of older sprat and a scattered occurrences of older age groups in Area 2, 
the mean length-at-age in an combined Area 1-3 and Area 4. are compared in Fig.3. 
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Mean weight-at-age by area al1d year; is give.n itl Table 3. The over-an means per 
area, demonstrate the same pattern as the length. 
In order to do further analyses of variation in length of O-group sprat along the 
western coast, a northern area (North) was also included. The mean lengths of 0-
group sprat by year and area, are presented in Fig. 5. The diagram indicates that 0-
group in the northern area were smaller than sprat of the same year class in the 
southern fjords. In a nested ANOV A the null hypothese Ho: There are no differences 
in length of O-group sprat between years and Ho: There are no differences in length of 
O-group sprat between the fjords, were rejected at the 0.01 level. Summary of the 
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Bjerkan (1930) reported an increase in length ofO-group sprat northwards along the 
coast. Sprat in the northernmost fjords were assumed to be older due to a longer 
transport period from the spawning grounds in the SkagerrakiKattegai. Tne present 
results demonstrate significantly larger a-group sprat in Area 4 than in Area 1-3, but 
the mean length was lower in the northern Area (North). 
The relationship between fish length (cm) and otoliths radius (mm) was studied. 
Predictive linear regression on all data combined, indicated that only 46% of the 
variance was explained by a linear regression. The results of the regression analysis 
for the different areas indicate better correlation in Area 4, but also here the 
correlation was low (Table 4), The low correlation mav be exolained bv various 
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reasons; i.e. a possible mixing of various populations, the dorsal edge of the otolith is 
not the proper one for this measurement. 
Regression a(lalyses on sprat length (CUI) vs otoliths radius (mIll) presented by 
Dayaratne (1986) had the same low level of correlation. In her work the 
measurements were taken along the longest axis, from the nucleus towards the 
posterior edge. In the present study measurements were taken on the dorsal edge. This 
was based on the assumption that the seasonal growth on sprat otoliths are best seen 
on that ed!!e. an assumotion made. however. for Baltic smat (Anon. undaU. The low 
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correlation coefficient !]l~y Ll1dicate that this is not the case Ll1 the "fjord"sprat or for 
the period considered. By back-calculation of growth from otoliths it is assumed that 
the otoliths are from fish in a single population. The shapes of otoliths are caused by 
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growth rate (see Campana and Casselman 1993). As sprat is a young fish, the shape 
of otollths will to a high degree reflect annual variations in growth. Wide variations in 
the shape of the otollths were observed which might affect the various radii-length 
relations. Sprat included in the analysis were in the range of 0-4 years with a 
dominance of fish older than O-gr.In future study, with more data available, a 
correlation on the same year class should be analysed. 
Otolitns edge 
Fig. 4 shows the ratio of the various edge types by age group. In November, most of 
the otollths had a thin hyaline edge. In 5% of the otollths the deposition of summer 
ring had not terminated. In the O-groun. these reoresented a larger Dart than in the 
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opaque ring at the edge. Wilson (1979) found that in sprat in Scottish areas, the 
winter (hyaline) ring was completed in some case in April and in all cases in June 
Forming of hyaline (winter) and opaque (summer) rings will probably depend on 
environmental conditions (temperature and food), and thus reflect variations in 
growth season. There are indications of differences within the same year classes, as 
demonstrated by the 1994 year- class. The data has not been examined for variations 
between fjords, as the otollths examined did not cover all the Areas. In November all 
the otollths were taken from Area 1, while the June sample covered sprat from the 
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sample, the two distributions of edgeS are considered comparable as indicators for 
depositions of hyaline Vs opaque rings. 
Maturity 
The length distributions of sprat in each of the maturity stages immature, maturing 
and mature/running, are shown in Fig. 6. The distributions indicate that sprat begin to 
mature at size between 8 and 9 cm and reach the mature/running stage at a length of 
8,5-9,5 cm. Larger sprat matured earller than the smaller one. The mean lengths of 
immature, maturing and mature/running sprat were significantly different and indicate 
that maturing in sprat is length dependent (Table 5). Number of mature sprat per 
length group in 1996-1998. are combined in the maturity oogive presented in Fig. 7. 
From this, the length at 50% maturity was 9,3 cm. 
The maturity at age is presented iil Fig. 8. The general trend was the same in each of 
the fjords (Table 6) and therefore the proportions in age groups are combined for all 
the fjords. In April 1996 and 1997, 50% or more of each age group were in the 
maturity stages of maturing or mature-spawners. Age group 5 consists of few fish. 
In June 1998, all were mature-spawners. The same was indicated by one sample of 
sprat taken in the commercial trial fishing (early June) in Area 3 in the early 1980ths. 
The sample consisted of solely I-group sprat (Lmean= 10,6 cm) of which 94% were 
spawners. 
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It has been assumed that sprat migrates out of the fjords to spawning grounds 
(Bjerkan 1930). In the present study it was shown that sprat stayed in the fjords during 
the spawning season and that they are spawning. Mature/spawning sprats were found 
in the entire area and no specific spawning aggregations were observed. In April and 
June, sprat were found in the same areas as in the previous November. 
Sprat has a protracted spawning season and spawn in several batches (Heidrich 1925, 
AIheit 1988). The age at first maturation seems to be largely depend on the length 
aUained in the spfrng. A lower size at maturity of 8,0-9,0 cm is consistent with the 
fIndings of Baiiey (1979) .. The present study shows that sprat in the Norwegian fjords 
normally mature as I-year olds. One year old sprat has also been shown to spawn 
inshore on the west coast of Scotland (De Silva 1973). Bailey (1979) observed 1-
group spawners in the north western North Sea but had evidence to assume that they 
mainly matured as 2 years old. A second spawnLng season of sprat in the auturrm has 
been detected ilJ. the North Sea, with sprat over-'wintering as larvae (~AJshuth 1988), 
An Qver-wL."1teri,i'lg as larvae with metanlorphosis in the second year of life is 
considered to cause serious problems in age determination. Use of small meshed 
codend ( 11 mm stretched length) in the trawl was recommended by the Sprat Biology 
Workshop in 1986 (Anon. 1990) to ensure a representative sampling of the smallest 
sprat (3,0-6,0 cm). As no indications of any component of sprats over-wintering as 
larvae have been observed in the data, the I-group sprat are considered as having 
hatched the previous year, ie. they are I year olds. The lengths of O-group sprat in 
their fIrst winter (November) are in the range of 3,5-10,0 cm (Torstensen et al. 1995, 
1996,1997 and 1998) 
me sexuai maturation by age group in April 1996 and 1997 shows a relatively great 
number of sprat in the immature and maturing stages. The data indicates a continuous 
development of the gonads during the 2nd quarter, which is in accordance with a peak 
spawning in the end of May-mid June. The maturing sprat observed in April will 
probably develop further alld spawn later Ln the season. 
Few categories of maturity stages are presented as there are no sharp distinctions in 
sprat gonads between the maturity stages maturing and mature, or between immature 
and recovering/spent. The numbers of oocytes per spawning vary considerably during 
the season (AIheit 1988). As the spawning progress and portions of oocytes are shed, 
there is still a continuing mixture of oocytes in various developing stages (Torstensen 
1992) at the same time as the volume of the gonads decrease. In the present data few 
specimens are defIned as stage 4. 
Spawning frequency 
In June 1998, the number of females with hydrated oocytes was recorded. This 
determination was done macroscopically and the percentage of hydrated females per 
Area, was: 
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Area 1: 
Area 2: 
Area 3: 
Area 4: 
20,2 % ( 188) 
17,0%( 94) 
16,0 % (268) 
8,3% ( 36) 
Over ail: 17,7 % 
The number of females examined, is given in parentheses, The distributions of age 
and length structures in the two categories of females, those with and without 
hydrated oocytes (Fig,9) indicate no significant differences between the two 
categories. The samples \X,itll hydrated fenlales were taken both day and night. 
Tne observed spawning frequencies, 8-20%, indicate a reduction from south to north. 
This may very well be the case, but seems more to be explained by the Iow number of 
females sampled in Area 4. Assuming an over all spawning frequency of 
approximately 18 % imply an interval of 5,6 days between the batches or that 18% of 
the females were spawning every day. 
The spawning frequencies (8-20%) are in the same range as has been reported 
previously (see Albeit 1989). The method to count females with hydrated oocytes has 
been considered to give an overestimation of "hydrated "females due to behavioural 
changes during spawning. (Aihei!, 1989, Aiheit et ai., 1984, Hunter and Macewicz, 
1985). The samples taken in June 1998 are from the peak spawning period. As the 
sprat were distributed within the same Areas as observed in the previous November 
(inner-middle fjord Areas), immigration and emigration during the spawning is 
assumed to be negligible. No indications of spawning aggregations or behavioural 
changes are observed in the fjord. The observed distribution of sprat close to the 
surface, rnay be related to spawnh"1g but as the trawili,g \V'ere performed iIl the surrace 
layer, the method is supposed to give a proper estimate of the spawning frequency in 
the fjords. 
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Fig. 2. Mean length-at age of sprat by area iJ November .. 1993-1997. 
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Fig. 3. Mean length-at-age south (Area 1-3) and north (Area-4) of 62N. 
November 1993-1997. 
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Fig.4. Perceniage oi hyaiine and opaque edges on sprat otoiilhs by age 
in November 1997(A) and June 1998 (8). 
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Fig.6. Length distribution (%) of maturity stages of sprat in the 2nd quarter, 1992 and 
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Fig. 7. The relative number of mature/spawning female per length group. 
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Fig. 8. Maturity at age of sprat in Norwegian fjords.A) 30 May-4 June 1992. 
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Fig. 9. Length and age distribution of females with (1) and without (2) 
hydrated oocytes. 
Table 1. Samples of sprat from Area 1-4, 1993-1998. Number 
of sprat length measured (L), weighted (W) and aged (A) 
Year Date Number of sprat 
L W A 
1993 November 1989 723 1AAQ .~~ 
1994 November 2244 1489 1205 
1995 November 3383 1633 2845 
1996 November 2268 972 1845 
1997 Novemher 2288 1'ln'l .. r~n .""\.1 .... 1000 
Year Date Number of s~rat 
l W A 
1992 30 May-4 June 599 599 494 
.. ,."nl!" 
.;:J;:Jg 
1"11"11 "n A_":'I 
" .. ,0 "'fJllI 151i 1517 1162 
1997 23 .. 30 April 2652 2509 1817 
1998 18-26 June 2007 1869 1137 
Table 2. Mean length (cm) at age, standard error (s.e) and confidence limits (C.J.) of means. 
Area 1 Area 2 
v ___ A __ ~ •• _l Year A!1e !l:r! • ca. ,,~a !l~:rl 
.... 1 ........ 
" 
, 
" " 
.; 5 ciass 0 1 2 3 4 5 .... Q;;I;;:II V , .. 
" 1990 1990 13,5 
1991 11,0 1991 12,2 
1992 11,1 11,3 16,0 1992 11,5 16,0 
1993 6,8 10,3 11,7 12,3 13,2 11'1l"11'3 ~o '" ., i4,S . ...- .... .., v,v '''''t'''' 
1994 7.3 11,5 11.8 12,1 1994 ,,~ . ., ~ v'v 1iW",IIJ 
1995 7,2 11,7 12,0 1995 Rn 
-,-
1996 7,0 10,7 1996 6,7 11,0 
1997 7,0 1997 7,4 
Mean 7,11 10,72 11,79 12,23 13,37 Mean 7,02 10,96 12,88 13,05 14,93 16,00 
s.e 0,02 0,06 0,06 0,12 0,35 s.e 0,04 0,10 0.13 0,26 0,33 
C.i. 7,07- 10,6- 11,67- 11,99- 12,62- Col. 6,94- 10,76- 12,62- 12,52- 14,22-
7,;5 10,B4 11,91 12.47 14,12 7,10 11,16 13,04 13,58 15,64 
Area 3 Area 4 
Year A!1e !~r! 
0 i 2 a 4 5 
1991 1991 14,6 14,7 
1992 9,8 11,3 12,7 14,0 1992 13,5 13,9 14,8 
1993 6,7 11,8 12,3 12,4 13,0 1993 6,9 11,4 13,5 14,9 
1994 7,5 10,4 11,8 11,4 1994 7,2 11,7 13,6 
1995 7,4 10,5 10,8 1995 7.7 11,6 12,5 
1996 6,8 10,4 1996 7,5 11,6 
1997 1997 7,6 
Mean 7,10 10,40 11,70 11,70 13,50 Mean 7,50 11,50 13,60 15,00 16,50 
s.e 0,07 0,05 0,09 0,11 0,35 s.e 0,02 0,04 0,07 0,17 
C.I. 6,96- 10,3- 11,52- 11,48- 11,92- C.1. 7,46- 11,42- 13,46- 14,66-
7,24 10.5 11.98 11,81 15,08 7.54 11,58 13,74 15,34 
Table 3. Mean length (cm) at age, standard error (s.e) and confidence lim~s (C.L) of means. 
Area 1 Age Area 2 All! 
0 1 2 3 4 5 0 1 2 3 4 5 
1990 1990 18,5 
1991 9,5 1991 13,0 
1992 9,7 9,3 29,0 1992 10,5 27,0 
1993 3,3 7,7 11,7 13,1 14,6 1993 3,3 8,9 22,5 
1994 2,7 11,2 11,7 10,8 1994 4,0 14,4 
1995 3,5 11,4 10,8 1995 4,2 9,5 16,0 
4nn.e "A '70 i996 ~~ ~~ l;;r;;rl,l "~ , ,~ ",0 ",0 
1997 ~" 4nn.,. 
-,- 1;;;;;11 
Mean 3,00 8,60 11,40 11,70 -15,60 ~ .. 1ean ~ "n o "n fA en fA nn ..,n I:n "'''7 nn. ... , ...... ... , ....... '~, .. " .. ..,. ........ ,' ..... .., '1,\JV 
s.e 0,04 0,14 0,19 0,40 1,49 s.e 0,05 0,27 0,45 1,00 1,40 
C.1. 2,92- 8,33- 11,03- 10,92- 12,4- C.I 3,50- 9,06- 13,9- 12,85- 19,48-
3,08 8,87 11,77 12,48 18,8 3,7 10,14 15,7 16,95 25,52 
Area 3 Area 4 
Year All! Year All! 
class 0 1 2 3 4 5 class 0 1 2 3 4 5 
1990 1990 30,4 34,0 
1991 1991 22,0 21,6 
i992 ~~ M~ .~ ~ is 1992 17,8 18,0 23,5 0," IU,I 1..J,t:: 
<lnnl"l A 11'7 
." ., HA 1A ........ r. ~ ~ ~~ .~~ MA ,;;r;;roOl ~ I I,' ''''',''' I Ir"'" ,~ IC'C'~ '," "," I',IIC: "~I~ 
1994 "'7 70 11 OD 4nnA "'7 H" .'7 " "A ~ ~" , ,- -,- ,o~ ',' I .,"" • J ."" "" ... ,.., 
1995 2,6 7,8 8,6 1995 3,8 10,6 12,6 
1996 2,3 8,4 1996 3,5 10,1 
1997 4 1997 3,9 
Mean 3,10 7,80 10,80 10,40 16,50 Mean 3,20 10,30 17,60 23,90 34,00 
s.a 0,07 0,12 0,26 0,28 s.a 0,05 0,12 0,31 0,90 
C.I 2,96- 7,56- 10,29- 9,84- 11,22- C.I 3,1- 10,06- 16,99- 22,09-
3,24 8,04 11,31 10,96 21,78 3,3 10,54 18,21 25,71 
Table 4. Regression fish total length (cm) vs otolith radii (mm) by area. 
slope. intercept r2 hl T ............ }." 
" 
£.A.rU,sUl 
(cm) 
Area 1 15,96 1,87 0,41 350 8,0·15,5 
Area 2 5,88 7,73 0,14 17 10,0·12,0 
.. A.rea3 770 '" RO (\7 L.ft 11'\ 1\ , .... ~ 1,_",- ..."u ..... v,~ UU .1U,U-l",",.J 
Area 4 t..., ('\'"7 1 I,U I 1,62 0,66 84 8,0·14,0 
Overall 14,68 2.66 0,46 512 
Table 5. Mean length, confIdence interval (C.I.) and numbcrof sprat in maturity stage immature, maturing and mature·spawner. 
Year 
) Lmean 
immamre 
s.e C.i N 
Maturins Mature-Running 
1992 " ~ 0,079 8,5-8,9 59 9,7 0,070 9,6-9,8 223 10,7 0,084 10,5-10,9 317 
.,' 
, Lmean se. C.J N I Lmean .. e. C.I N 
1996 8,7 0,050 8,6-8,9 323 9,9 0,058 9,8-10,0 421 10,9 0,046 10,8-11,0 773 
1997 8,9 0,043 8,8-9,0 278 10,7 0,077 10,5-10,9 300 11,5 0,049 11,4-11,6 775 
1998 9,8 0,211 9,4-10,2 6 11,5 0,032 11,4-11,6 1499 
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